The current paucity of Pleistocene vertebrate records from the Arabian Peninsula -a landmass of over 29 3 million km 2 -is a significant gap in our knowledge of the Quaternary. Such data are critical lines of 30 contextual evidence for considering animal and hominin dispersals between Africa and Eurasia 31 generally, and hominin palaeoecology in the Pleistocene landscapes of the Arabian interior specifically. 32
base of the unit, along with generally coarser clasts, while a diffuse contact is present with both over 249 and underlying units. 250
Unit 5 is the main fossil layer at the site and comprises weakly cross-bedded, very poorly sorted, 251 coarse, reddish sands with occasional iron-stained root voids, fine (ca. 5 -10 mm max length) rounded 252 quartz pebbles, and calcareous drapes throughout. The unit becomes notably redder up-profile, while 253 the contact with the overlying unit is characterised as sharp and laterally variable, with marl chunks and 254 fractured laminae intruding vertically from the overlying lake beds. The unit is indicative of the small- Fossil specimens were mineralised and ranged from a pale, yellowish-brown to (more 264 frequently) a dark reddish-brown: iron-staining was prevalent the latter resulting from the leaching and 265 downward percolation of iron derived from Fe-rich sands within the overlying sedimentary units. 266
Consolidated sand particles were frequently adhered to the bone surface, though were relatively easy to 267 remove with brush or wooden pick. Post-depositional movement and reworking appears to be have been 268 minimal. While minor abrasion was occasionally observed, there was no evidence to suggest rolling or 269 significant water transport. As a general rule, there was a contrast in the degree of weathering between 270 the area of bone in contact with the substrate (less abraded) than the upper surface exposed in excavation 271 (more abraded). Some trampling was evident in the form of the presence of fine striae on the surfaces 272 of bones and "sharp breaks" to specimens (e.g. see Fig. 12F , H and J). In addition to direct physical 273 evidence of the presence of predators and scavengers on site, carnivore pits and tooth marks indicate 274 the activity of small and large-bodied carnivores. Tooth marks were identified in the small sample of 275 recovered bird bones (section 4.2.2) and were detected on the bones of Equus sp. (section 4.2.3.2) andbetween the artefacts reported previously in the basin (Scerri et al., 2015) and the fossiliferous strata 278 remains unclear. 279
Within the limits of our investigations, there was lateral variation in taxonomic diversity and in 280 the preservation of the recovered specimens between the northern and southern limits of the excavations 281 (Fig. 3) . Fossils attributable to the Bovidae were numerically dominant throughout although trenches 282 in the south of the site (trenches 1 and 2) yielded a greater range of taxa compared with the northern 283 excavations (trenches 5 and 6; Fig. 5A ). Weathering profiles generated from examination of bovid long 284 bones from trenches 1,2 and 5 and 6 ( Fig. 5B and 5C , respectively) indicate that specimens from the 285 south of the site were generally well-preserved: maximally to Behrensmeyer's (1978) weathering stage 286 3, rarely to stage 4 (Fig. 5B) . Conversely, specimens from the northerly trenches were paler in colour, 287 more friable and weathering profiles suggest that these specimens were subject to sub-aerial weathering 288 for longer than in the southern trenches (Fig. 5C ). In summary, fossil assemblages from the 289 investigations of the southern end of the ridge were more diverse and better preserved than the 290 assemblages from the northern limits of our investigations. Following Andrews and Whybrow (2005) , 291 the weathering profiles collectively suggest that carcasses were exposed maximally (in arid conditions) 292 for approximately 15 years before burial. However, if conditions were more humid at the time of 293 deposition then the duration of exposure would likely have been less (Behrensmeyer 1978; Andrews 294 and Whybrow, 2005) . 295
The overlying unit (Unit 6) marks the onset of lake formation in the sequence, and comprises a 296 series of interstratified, finely laminated diatomaceous marls. Iron staining occurs throughout, and is 297 prevalent between laminae, however, Fe content is not associated with sand content. Lenses of greenish 298 mark an influx of sand into the basin. These are generally laterally variable and well cemented in places 299 (Unit 7). Unit 8 comprises a series of interdigitated sands and marls, possibly reflecting variations in 300 lake water levels in the basin. Marls are highly cemented and gypsiferous, while sand content is coarse 301 and non-laminar. The sequence is capped by beds of sandy, gypsiferous marls (Unit 9). These are 302 heavily indurated and unevenly bedded in desiccation 'curls': blocks of marl that have undergone 303 polygonal cracking as a result of drying, and have deformed to make bowl-shaped structures. These areTAG14/318 ( Fig. 6C-3 ) than in the comparative specimens for these taxa. The articular surfaces of 359 zygapophyses cranialis are also much more developed and robust in TAG14/318 (Fig 6C-4) . At the 360 caudal end, the lacuna interzygapophyses is very square in TAG14/318 (Fig. 6C-5) , as indeed are the 361 caudal articular facets (Fig. 6C-6 ): these characters are rounded in the comparative specimens. 362
However, comparison with material from S. molybdophanes (NHM-Tring: 1888.5.5.1) indicates that 363 these characters are similar. From the dorsal aspect, the lacuna interzygapophyses caudalis is square 364 and the lacuna interzygapophyses is v-shaped, rather than u-shaped in S. molybdophanes (Table S3  365 supplementary data). 366
The Pleistocene fossil record of Struthio is sparse and the taxonomic and geographic affinities 367 of Pleistocene ostriches are poorly known. As such, it is not feasible to identify this specimen beyond 368 genus. However, it is notable that of all the compared specimens the closest match on morphological 369 and morphometric grounds is S. molybdophanes, an ostrich recently promoted to full species status 370 
Podicipediformes 373

Podicipedidae (grebes) 374
Tachybaptus sp. 375
A well-preserved, complete left tarsometatarus (Fig. 6D ) first reported in Stimpson et al. (2015) is 376 derived from a small grebe of the genus Tachybaptus, which contains one species, T. ruficollis. The 377 specimen is an excellent match for the genus. At the distal end of the element, the end of the lateral 378 edge of the trochlea metatarsi II curves to the diaphysis and the lateral side of the trochlea metatarsi IV 379 is flat. At the proximal end, the hypotarsus is equal in height to the condylus interarticularis (cf. Fjeldså, 380 2004, 214) . 381 TAG13/038 is notably shorter overall (Fig. S2A supplementary data) , but is not less robust 382 than the comparative material at NHM-Tring. To date, morphological and metric comparisons have 383 been limited to comparative material of European provenance (Table S4 supplementary data) and 384 extant Oriental subspecies are "generally smaller" than their counterparts from higher latitudes (Fjeldså, 385 2004, 153). There are differences, however, between the relative positions of the medial trochlea (Fig6D-7) and foramen vasculare distale ( Fig. 6D-8 ) in the TAG specimen and the comparative material. 387
We withhold a specific attribution until it can be determined if this variation falls within specific limits 388 for T. ruficollis or represents a novel Pleistocene form. 389 390
Accipitriformes (diurnal birds of prey) 391
Accipitridae 392
Neophron percnopterus 393
The mineralised remains of a cranium (TAG14/287- Fig. 6E i and ii) , a complete right humerus 394 (recovered in two pieces, TAG14/259 and 269; Fig. 6E iii and iv) and a complete, but very friable right 395 ulna (TAG14/286) were found in close proximity in trench one and are clearly attributable to Egyptian 396 vulture, Neophron percnopterus (cf. NHM 1847.10.21.25). These specimens are a relatively early 397 record of this species, which is present in the Ti's al Ghadah area today (CMS, personal observation). 398
The remains of the cranium consist of the occipital region and cranial vault (Fig.6E i) . A semi-399 circular puncture (maximum dimensions = 11.60 mm × 8.78 mm) is evident to the right side of the 400 vault, which we interpret as a tooth mark (Fig. 6E i-9 ). There may also be a second puncture just above 401 the foramen magnum although this may be a break associated with weakening of the bone around the 402 edge of the foramen. The maxilla is also present and is complete from os nasale to rostrum maxillare 403 (Fig. 6E ii) . The humerus is complete though it was recovered in two pieces (Fig 6E iii and iv) . There 404 is extensive evidence of gnawing and chewing on the caudal and cranial surfaces. The crista 405 deltopectoralis appears gnawed along much of the dorsal edge ( Fig. 6E iii-10 ) and there are multiple 406 small (maximum dimensions: 2.5 mm × 2.5 mm) pits in the cranial surface of the distal end of the 407 element ( Fig. 6E iv-11) . The ulna is complete, but friable. It was recovered much closer to the section 408 edge and is likely to have been re-exposed and weathered. The ulna has also been chewed, apparently 409 by a small to medium-sized carnivore. 
Pteroclidiformes 418
Pteroclididae (sandgrouse) 419
Pterocles orientalis 420
TAG14/270 is a fragment of a left proximal humerus from a large sandgrouse species (Fig. 6F) . While 421 it is a reasonable morphological match for Syrrhaptes sp., TAG14/270 is markedly larger and more 422 robust: the caput humeri (Fig. 6F-12 Fig. S3 supplementary data) . The genus is also represented by a phalanx 453 (TAG14/339) and broken mandibular canine (TAG13/145) (Fig. 7A, B) . of the occipital region and a fragment of the supra-occipital (Fig. 7D) . The foramen magnum, occipital 469 condyles and condylar foramen are intact and portions of the par-occipital process and basi-occipitalare present. This specimen is a good morphological match with comparative material for the golden 471 jackal, Canis aureus: measurements indicate that it derived from a relatively large individual (Table 4) . 472
473
Canis anthus 474
TAG14/184 is a trenchant, lower right carnassial (M1). With the exception of the break to the mesial 475 root, the specimen is complete and is relatively unworn (Fig. 7E) . The specimen, however, appears 476 iron-stained and there is marked "sidedness" in weathering: it appears that the tooth ultimately lay on 477 its buccal side prior to burial as there is minimal modification to this surface of the tooth (Fig. 7E i) . 478
Conversely, the lingual side is abraded across the entire surface (Fig. 7E ii) . 479 TAG14/184 is too large to have derived from any known Vulpes sp. and is from a medium-480 sized canid. The carnassial is trenchant, with a sub-equal bicuspid talonid ( Fig. 7E ii-1 ) and a relatively 481 well-developed metaconid (Fig. 7E ii-2 Sansalone et al., 2015) , recent records of C. lupus pallipes (cf. Dayan, 1994) and Pleistocene and 488 recent records of C. lupus arabs from the Levant (Fig. 8) . Conversely, measurements from TAG14/184 489 suggest that it derived from an animal larger than recent European golden jackals, recent and Pleistocene 490
African golden jackals (C. aureus s.s) and match equivalent measurements of a large form, variously 491 classified as "Canis aureus lupaster" or "Canis lupus lupaster" ("Canis lupus lupaster" in Fig. 8) . with a marked cingulum on the medial side of the tooth is most likely attributable to the Mustelidae. 512
Measurements suggest that it derived from an animal similar in size to a large Mustela sp. or Vormela 513 sp. but further comparative material is required. 514 515
Perissodactyla 516
Equidae 517
In addition to small numbers of rib fragments and a thoracic vertebrae, three well preserved specimens 518 attributable to the Equidae were recovered (Table 5) 
Equus hemionus 529
TAG14/329 is a fragment of a robust right mandible (Fig. 9A) . The first molar is broken off at the root 530 below the alveolus, but the worn second and third molars are in situ. The M2 is intact. The M3 is largely 531 complete but there is a break to the distal occlusal surface (Fig. 9B) . Caballoid horses can be discounted 532 as the double knots on M2 and M3 are rounded ( Fig. 9B-1 ) with v-shaped (rather than u-shaped) lingual 533 valleys (linguaflexids; Fig. 9B -2) and rounded (rather than flat) buccal margins of the protoconid and 534 hypoconid ( Fig. 9B-3 ), although this last characteristic is regarded as an unreliable means to 535 discriminate between taxa (Davis, 1980) . While tooth wear is marked, the vestibular grooves 536 (ectoflexids) on each molar appear shallow and they do not penetrate the isthmus of the double-knot 537 ( Fig. 9B-4 ). This would discount zebras and zebra-like taxa, the extinct E. hydruntinus and Pleistocene 538 stenonine horses and indicate the hemione, E. hemionus. Morphometric comparisons using the intact 539 M2 of TAG14/329 show that the dimensions of the occlusal surface are larger than in extant and recently 540 extinct regional sub-species (E. h. onager and E. h. hemippus, respectively) and equivalent to extant 541
Mongolian subspecies E. h. hemionus and the Tibetan species, E. kiang ( Fig. S4 supplementary data) . 542
543
Equus sp. 544
The few specimens of recovered post-crania are rather robust. The dimensions of a near-complete left 545 femur TAG13/146 (Table 5; Fig. 9D ), notable for the presence of carnivore pits on the caudal surface, 546 near to the proximal end ( Fig. 9D-5 ), indicate that this specimen is large and robust in comparison to 547 extant hemiones (Fig. S5A supplementary data) . A complete left astragalus (TAG14/342; Fig. 9C) , 548 which was found in close association with mandible TAG14/329, is also large and robust ( Fig. S5B  549 supplementary data). A PCA analyses of six variables suggests that the astragalus is of a size and 550
proportions of larger equid taxa, equivalent perhaps to Equus oldowayensis, rather than extant hemiones 551
( Fig. S5B supplementary data) . This would be consistent with the findings reported in Thomas et al.
(1998) who also describe relatively large and robust bones from the site, possibly from a robust stenonid 553 horse or species of zebra. 554
Given that Eisenmann et al. (2008) report that the various subspecies of E. hemionus, as they 555 are known from the fossil record, appear to have been conservative in terms of overall dimensions and 556
proportions there are two possible scenarios for the interpretation of the equid remains in hand. Firstly, 557
that there are the remains of more species of equid preserved at the site than the available dental material 558 currently indicates, or secondly that the equid remains at Ti's al Ghadah collectively represent a large 559 and robust Pleistocene form of E. hemionus. 560 by the SGS at the south of the ridge (Fig. 3) . Here, we focus on the taxonomic diagnosis of two 568 diagnostic specimens, an upper molar TAG14/301 (Fig. 10A, B) and a mandible of a young animal, 569 TAG14/281 (Fig. 10C, D) . Pending resolution of the relationships among elephant genera we here retain the genus Palaeoloxodon 577 for clarity (cf. Shoshani and Tassy 1996) . 578
Specimen TAG14/301 is a portion of an adult left upper molar in mid-wear (Fig. 10A) . The 579
anterior end of the crown shows signs of both natural (lifetime) wear and post-mortem breakage; at theposterior end lamellae have been lost post-mortem. Specimen TAG14/281 is a portion of a juvenile 581 mandible including a complete molar in early to mid-wear. 582
The molars show features which strongly suggest referral to the genus Palaeoloxodon. In 583 particular, the occlusal wear figures show lamellae with distinctly but roughly folded enamel, and 584 irregular expansions at roughly the mid-line of the molar, extending in both the anterior and posterior 585 directions from the anterior and posterior enamel bands, respectively. These features are distinctive of 586
Palaeoloxodon and distinguish these molars from other candidate genera, Loxodonta (African 587 elephants), Mammuthus (mammoths) and Elephas s.s. (lineage of Asian elephant). Another common 588 feature of Palaeoloxodon, rings of enamel medial and lateral to each lamella in early wear, are not 589 visible these specimens; this character is not, however, invariably present in the genus. 590
Upper molar TAG14/301 preserves 11 enamel lamellae, but this is incomplete and the original 591 number (and the original length of the tooth) are difficult to reconstruct. At the anterior end, the 592 preserved crown is worn to the root at the front, and the isolated 'anterior root' has been lost through 593 wear, so it is not possible to reconstruct the number of lamellae lost (Lister and Sher, 2015; Sher and 594 Garutt, 1987). The base of a somewhat isolated root is visible at the antero-lateral corner of the crown, 595 but it is not of the correct shape or position to be the true 'anterior root' and must therefore be one of 596 the 'paired roots' behind it. It is therefore likely that at least 2-3 lamellae have been lost through wear, 597 but the precise number is unknown. 598
Loss at the posterior end is also difficult to quantify. The large size of the molar makes it very 599 likely to be either M 2 (the penultimate of the series) or M 3 (the last of the series). In a more complete 600 specimen, this can easily be determined from the shape of the posterior end of the crown, which tapers 601 in M 3 but is blunt and wide in M 2 . Unfortunately, breakage makes the determination of this characteristic 602 problematic for TAG14/301. The width of the crown reduces very slightly from front to back ( Table  603 6), which might suggest M 3 , but this is insufficient for certainty. A second factor is crown height, which 604 tends to be maximal near the front of the molar in M 3 and near the back in M 2 . However, because only 605 the posterior two preserved lamellae of this specimen are unworn and allow measurement of crown 606 height, this cannot be determined. The crown is relatively high (133 mm, for a molar width of 90.5 mm, 607 giving a preserved hypsodonty index of 100 x 133/90.5 = 147), which would be consistent with eithera lamella close to the original posterior end of an M 2 , or a lamella half to two-thirds down the crown of 609 an M 3 . The remaining exterior surface of the molar near the posterior break provides some evidence: 610 especially near the top of the crown on the lateral side it curves medially to a degree that suggests it is 611 close to the natural posterior end of the tooth, rather than that the tooth extended much beyond the 612 break. In this case, the molar would be an M 2 , but this cannot be considered certain. If it is an M 2 , then 613 the curvature of the surface suggests that approximately two lamellae (plus the posterior talon) should 614 be added to the preserved number. That would give an approximate total of at least 15 (two or more at 615 the front, two at the back, and 11 preserved). If, however, the molar is an M 3 , then an unknown number 616 is missing at the back and the total is known only to be greater than 15. Table 6 shows measurements 617 for the Ti's al Ghadah teeth, in comparison with published data for P. antiquus and P. recki recki, the 618 latest chrono-subspecies, with a chronological range in East Africa of ca. 1.2 -0.5 Ma. 619
The measurement data tend to identify the upper molar TAG14/301 as an M 3 rather than M 2 . If 620 we are correct that at least two lamellae are missing from each of its anterior and posterior ends, so that 621 its original value was at least 15, this places it in M 3 range. M 2 of P. recki recki is represented by only 622 one specimen, with 10 plates, but the range probably extended to 12 as this value is found even in earlier 623 samples referred to P. recki ileretensis and P. recki atavus (Beden, 1979 antiquus. However, in terms of occlusal morphology, the two molars available from Ti's al Ghadah 650
can be closely matched with available specimens of both taxa (see, for example, illustrations of P. recki 651 recki in Beden (1979) , and of P. antiquus in Guenther (1977) ). Similarly, the measurements that could 652 be taken on these specimens are within the known ranges of both species ( Table 6) The vertebrate remains from Unit 5 were numerically dominated by elements from the Bovidae (Fig.  663   5A) , although it is not a diverse assemblage: all examined cranial and dental remains, and identifiablepost-crania were attributable to the genus Oryx. While NISP (number of identified specimens) counts 665
were relatively high compared to other taxa, estimates of minimum numbers of individuals (MNI) 666 compiled for trenches 1 and 2 and 5 and 6, indicated a MNI of 5 (five left mandibles) and 6 (six right 667 metatarsals), respectively and suggest that a relatively low number of individuals were represented. 668
Specimens were rarely encountered in strict anatomical position (occasional cervical vertebrae) but it 669 was clear that multiple skeletal elements from single individuals were recovered in close proximity. 670
The entire skeleton was represented, although the assemblages were characterised by a relative low 671 abundance of specimens from the proximal axial skeleton (humerus and femur; Fig. 11) . 672
A number of factors can mediate attrition in different portions of the skeleton and the analysis 673 of skeletal element representation is not a straightforward issue (e.g. Marean et al., 2004) . Given the 674 direct evidence of carnivores recovered on site and the presence of carnivore pits on recovered 675 specimens (Fig. 12K) however, it is plausible to suggest that the relative low abundance of these 676 appendicular elements may have resulted from removal and/or destruction by scavengers; the presence 677 of "sharp" breaks to specimens (Fig. 12F, H and J) suggests that trampling by large animals may also 678 have been a destructive factor. 679
Cheek teeth are robust and hypsodont (Fig. 12A-D) although on all fully-erupted adult teeth in 680 wear abrasion appears to have been considerable (Fig. 12B) , which we interpret to reflect the presence 681 of abrasives (i.e. sand) in the diet. In all examined maxillary tooth rows, the occlusal morphology is 682 simple and we concur with the observations of Thomas et al. (1998) leucoryx and these characters are not present or prominent in the specimens from Ti's al Ghadah (Fig.  687   12B) . 688
Further examination of maxilla fragments indicates that the infra orbital foramen is located 689 posteriorly to P 2 , as in the genus, although the posterior palatine foramen appears to be located more 690 Ti's al Ghadah (Fig. 12B) . 694
A small sample of horn cores (e.g. Fig 12E) Elements from the post cranial skeleton appear to be relatively large and robust (Table S8  702 supplementary data). Measurements of proximal ephiphyses of the fossil metapodia were used as a 703 proxy for body size and compared with available data from extant taxa. While sample sizes of 704 comparative data from O. leucoryx are small, measurements of metacarpals (Fig. 13A ) and metatarsals 705 (Fig. 13B) indicate that the specimens from Ti's al Ghadah were larger animals than the endemic 706
Arabian species and approach the size of O. beisa. 707
In summary, the fossil specimens recall O. leucoryx in tooth and palatine morphology, but 708 appear to differ in horn core characteristics. The available data show that the Middle Pleistocene oryx 709 at Ti's al Ghadah were larger and more robust animals than the extant Arabian endemic and closer in 710 size to extant O. beisa. We withhold a species attribution, but suspect that the oryx of Ti's al Ghadah 711 represents a larger-bodied Pleistocene form of the extant endemic. 712 713
Chronology 714
Optically Stimulated Luminescence 715
Aliquots from sample TAG1-OSL4 from Unit 7 (Fig. 4) are 'well-behaved' according to standard SAR 716 protocol rejection criteria, and signal saturation in one aliquot suggests that the pIRIR290 protocol is 717 yielding a stable luminescence emission without the need for fading correction. Given that all other 718 aliquots were unsaturated, age underestimation due to signal saturation is not a concern for this sample. 719
Equivalent dose overdispersion (23.8 ± 7.1 %) supports the assumption of signal stability, as fadingvalues vary significantly between feldspar grains from the Rub' al Khali (Trauerstein et al., 2012) and 721 would be unlikely to average each other so precisely, and suggests that partial bleaching is a negligible 722 issue. The palaeolake sediments capping the ridge (Unit 7) have a luminescence age of 291 ± 34 ka 723 (Table 7) . 724 Table 10 . The samples display characteristics that are usually found in Early Pleistocene teeth: 742 extremely high DE values (>3500 Gy), apparent U-leaching in dentine, and high U-concentration values 743 in dentine and enamel. Age calculations were performed by assuming early U uptake for the dentine 744 that showed U-leaching (i.e. p = -1). Combined US-ESR age calculations yielded 473 +50/-33 ka and 745 554 +79/-76 ka for samples 3536 and 3538, respectively, resulting in a mean value of 512 ± 59 ka (1-σ 746 error). The teeth could be somewhat older if sediment cover was thicker in the past. In the age 747 calculations, a depth of 1.0 + 0.5 m was used for the calculation of the cosmic ray contribution.
However, even when assuming an average depth of 30 ± 5 m, the resulting ages increase only by 1.3 % 749 for sample 3536 and 2.2% for sample 3538. This is due to the fact that 95% of the total dose rate is 750 generated within the tooth from the high U-concentrations in the dental tissues. Similarly, water content 751 variability has virtually no impact on the final age results: by considering either 15 or 20%, instead of 752 10%, the ages slightly increase by <0.5%. 753 754
Discussion 755
The vertebrate record of Ti's al Ghadah is an important step toward our understanding of the Pleistocene 756 biogeography in the Arabian Peninsula. While we are mindful that these records derived from a single 757 site, we consider the wider chronological context of the identified taxa with regional biostratigraphic 758 records and then describe the palaeoecological and palaeoenvironmental inferences that may be drawn 759 from the inferred ecological characteristics of the fauna. 760 761
Chronological context 762
Our initial interpretation of the formation of the Unit 5 assemblages was that they derived from animals 763 moving into the basin with the onset of wetter conditions and that the overlying lake deposit in the ridge, 764 as observed in section (Unit 7; see Conversely, U-series analyses of oryx teeth from Unit 5 suggest a minimum age for the Unit 5 770 fossils of ca. 350 ka and combined US-ESR dating indicates on older age and that the assemblages 771 derived from ca. 500 ka, likely MIS 11. A strict interpretation of the available dating information would 772 be that the Unit 5 assemblages derived from animals associated with an earlier phase of wetting, not 773 represented in section in the ridge, and that there was significant erosion and/or depositional hiatuses 774 after the formation of the Unit 5 stratum and the overlying lacustrine deposits in the ridge. We suspect 775 that the iron-rich, relict lake deposit in the centre of the basin (section 4.1) represents thecontemporaneous lake and the key water resource for faunal populations from which the Unit 5 777 assemblages derived. 778 779
Biogeographical and biostratigraphical implications of the Ti's al Ghadah fauna 780
The fossils of Ti's al Ghadah include the first Pleistocene-age bird bones to be reported from the Arabian 781
Peninsula. In terms of biostratigraphy, the utility of the bird fossils identified to species is limited, except 782 to say the identified species are early records and are known from the region today. The Egyptian vulture 783 is resident in the Arabian Peninsula (and occurs around Ti's al Ghadah) and is widely distributed from 784 southern Europe, North Africa and east to the Indian sub-continent. Black kites are relatively common 785 passage visitors to the Peninsula; a closely related species, Milvus aegypticus, is restricted to the 786 southwest. White wagtails (Motacilla alba) are also relatively common winter or passage visitors. 787
Although no aquatic taxa were confidently identified to species is worthy of note that little grebes 788 although with the present dating information for the site these records fit well within the chronological 795 range of this taxon. The Eurasian jaguar is known from the Kudaro faunal unit (MIS 9-11) in the 796
Caucasus and is described from Layer 5c from Kudaro 1, which yielded two thermoluminescence dates 797 of 360 ± 90 ka and 350 ± 70 ka (Baryshnikov, 2002) . 798
We infer the presence of the spotted hyaena (currently restricted to Sub-Saharan Africa) at Ti's 799 al Ghadah from coprolites. A well-preserved mandible is an unequivocal fossil record from elsewhere 800 in the southwestern Nefud Desert, from Locality # 3 (Thomas et al., 1998) . It is likely that this locality 801 is site 16.1 of Rosenberg et al. (2013) , which yielded OSL dates between 419 ± 39 ka and 286 ± 30 ka 802 (Table 1) . While there is no strict evidence of any chronological affinity between Locality # 3 and Ti'sal Ghadah, the coprolites are further indication that the spotted hyaena was present in the Arabian 804
Peninsula in the Middle Pleistocene. 805
The biogeographic implications of the record of the African golden wolf, Canis anthus, are 806 more difficult to consider as the taxonomic affinity of this cryptic canid was clarified only recently. The 807 record from Ti's al Ghadah, however, indicates that it ranged into the Arabian Peninsula in the Middle 808
Pleistocene. 809
The extinct elephant, Palaeoloxodon recki, is known from the Middle Pliocene until the Middle 810 the GBY cranium might actually be P. recki, while the morphology of the Revadim elephants has not 827 been described in sufficient detail to discriminate between the two species. The taxonomic boundary 828 between P. recki and P. antiquus, in this geographical region and time-interval, is therefore currently 829 blurred, but it cannot be ruled out that the elephants of Ti's al Ghadah might have derived from Europe 830 and eventually be considered to belong to P. antiquus. The identified taxa indicate that the Ti's al Ghadah basin was, at least at times, a focal point in the 850 landscape for birds, herbivorous mammals and predators and scavengers. However, given that there 851 have been suggestions that Pleistocene lacustrine deposits in the Nefud Desert may represent ephemeral 852 marsh-like habitats, rather than the formation of substantial bodies of water (Enzel et al., 2015) , this 853 raises the question of if the Unit 5 assemblages represent animals that were attracted to an ephemeral 854 water source and a relatively brief flush of plants in the dune fields, or were freshwater and plant 855 resources more substantial and long-standing? 856
At present, it is not possible to determine the degree of time-averaging of the Unit 5 857 assemblages, although the fossil stratum appears to be a rather discrete unit with little evidence of 858 significant reworking or redeposition. There is clear evidence, however, of a least three discreteepisodes of the formation of standing water within the Ti' al Ghadah basin and there is regional evidence 860 of the periodic formation of water bodies throughout southwestern Nefud Desert dating from the Middle 861
Pleistocene onward (Rosenberg et al., 2013) . Rosenberg et al. (2013) suggest that large-scale lake and 862 wetland habitats developed across the western Nefud during MIS 11. The inferred presence of a lake at 863
Ti's al Ghadah would be supported by previous reports (Thomas et al., 1998 ) of a fossil of a relatively 864 large Osteoglossiforme fish (although this was an unstratified specimen) and consistent with the aquatic 865 affinities of two of the identified avian taxa (grebe, duck). Indeed, the presence of the bird taxa identified 866 at the site may parsimoniously be explained as attracted to habitat (grebe, duck, wagtail), to drink 867 (sandgrouse, ostrich) or in a scavenging role (Egyptian vulture, kite). 868
Oryx, equids and elephant will likewise have been attracted to fresh water and plant resources 869 and we infer that the remains recovered in Unit 5 reflect die-off in populations of these animals. Animal 870 carcasses will have attracted mammalian scavengers such as fox, golden wolf and hyaena and the 871 attention of carnivores is evidenced by tooth marks. Although it was not possible to identify the 872 reptilian fossils to genus it is worth noting that, in this context, the majority of extant Varanus spp. are 873 carnivorous and will scavenge animal carcasses, whereas Uromastyx spp. are primarily herbivorous. It 874 is plausible that the Egyptian vulture also scavenged at the site and it is notable that one of these birds 875 were in turn subject to the attentions of a carnivore. 876
The establishment of water holes has been shown to have a significant effect on the hunting 877 behaviour of large felids (e.g. Valeix et al., 2010) and the presence of a large-bodied pantherine (ca. 878 100 kg: see Stimpson et al., 2015) suggests that the biomass of potential vertebrate prey would likely 879 have been substantial in the area (e.g. Carbone and Gittleman, 2002) as would, by inference, plant 880 resources. We also infer the presence of hyeana (cf. Crocuta crocuta) from coprolites. While these 881 animals are famed as scavengers and for the demolition of bone, they are dynamic and capable 882 predators. Modern analogues should be applied with caution but it is notable that the taxonomic and 883 ecological composition of the fossil fauna from Ti's al Ghadah bears some resemblance to Namibian 884 desert ecosystems that experience flushes of plant growth in response to increased precipitation. For 885 example, increased wetting prompts a seasonal influx of large number of gemsbok (Oryx gazella) to 886 the Kuiseb river from surrounding dunefields (Kok and Nel, 1996) and these antelopes and the mountainzebra (Equus zebra hartmannae) are important prey animals for local populations of spotted hyaena 888 (Tilson and Henschel, 1986) . correlation between annual rainfall and body weight (Fig. 16) . It is plausible to suggest that the relativesize of the oryx of Ti's al Ghadah reflected more amenable habitats and that climatic and environmental 915 amelioration was of a sufficient duration to support populations of this larger-bodied form. 916
In summary, our interpretation of the vertebrate fauna of Ti's al Ghadah is that parts of the 917 southwestern Nefud Desert were characterised by the longstanding (but possibly periodic) presence of 918 substantial water bodies and grassland ecosystems in the Middle Pleistocene. As a case study, the 919 evidence from Ti's al Ghadah is further indication that, at times, the Pleistocene habitats in the Nefud 920
Desert contrasted markedly with the hyper-arid environments of today and contained freshwater and 921 game resources with the potential to support by occupation by hominins. 922 923
Conclusion 924
The Middle Pleistocene fauna of Ti's al Ghadah reported here, dated to ca. 500 ka, comprises reptiles, 925 birds and mammals. The bird fossils are the first Pleistocene-age records to be reported from the Arabian 926 
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